Experimental solubility measurements for p-coumaric acid dissolved in nine neat organic solvents and in binary aqueous-ethanol solvent mixtures are used to calculate solute descriptors for the monomeric form of the carboxylic acid based on the Abraham solvation parameter model.
In a recent article published in This Journal
researchers to estimate the solubility of p-coumaric acid at other temperatures in the solvents studied, or in the case of the aqueous-ethanol system allow researchers to estimate the solubility of p-coumaric acid at other ethanol solvent compositions. The models do not allow one, however, to estimate solubilities in additional organic solvents which is often needed in the solvent selection.
One of primary justifications given by researchers for conducting solubility studies is to select solvents for obtaining high-purity materials through recrystallization.
3
In this brief commentary we want to illustrate one additional method for analyzing experimental solubility data that does provide a convenient means to estimate solubilities in additional organic solvents. The method is based on the Abraham solvation parameter model 2-4 :
log (P or CS,organic/CS,water) = cp + ep · E + sp · S + ap · A + bp · B + vp · V
log (K or CS,organic/CS,gas) = ck + ek · E + sk · S + ak · A + bk · B + lk · L
that describes solute transfer between two phases in terms of logarithms of molar solubility ratios, log (CS,organic/CS,water) and log (CS,organic/CS,gas), logarithms of water-to-organic solvent partition coefficients, log P, or logarithms of gas-to-organic solvent partition coefficients, log K. The molar solubility ratios are defined as the molar solubility of the solute in the organic solvent, CS,organic, divided by either the solute's molar solubility in water, CS,water, or molar concentration in the gas phase, CS,gas. The molar concentration of the solute in the gas phase is calculable from experimental vapor pressure data or can be treated as an adjustable parameter that is determined as part of the curve-fitting procedure used in computing the solute descriptors.
The solution models used by Ji and coworkers 1 contained adjustable parameters that were determined by curve-fitting the measured solubility data in accordance with the respective model.
The Abraham model 2-4 has similar parameters, called solute descriptors, which must be calculated using the experimental solubility data. Solute descriptors are denoted by the uppercase alphabetical characters are the right-hand side of eqs. 1 and 2, and are defined as follows: E corresponds to the solute excess molar refractivity in units of (cm 3 mol -1 )/10, S quantifies the dipolarity/polarizability of the solute, A and B measure the overall or total hydrogen-bond acidity and basicity, V refers to the McGowan volume in units of (cm 3 mol -1 )/100, and L is defined as the logarithm of the gas-to-hexadecane partition coefficient at 298 K. Calculation of the solute descriptors is the key to making solubility predictions in additional organic solvents. The solute descriptors are calculated by setting up a series of equations having the mathematical form of eqs 1 and 2 with the equation coefficients and molar solubilities inserted into the equations. The experimental solubility data in the paper by Ji and coworkers for pcoumaric acid dissolved in the nine neat organic solvents will provide us with a total of 18 mathematical expressions, nine log (CS,organic/CS,water) equations and nine log (CS,organic/CS,gas)
equations. An additional ten log (CS,organic/CS,water) equations are available for the measured p- 
where log K(wet octanol) = log P(wet octanol) + log CS,water -log CS,gas, and two more equations describing the logarithm of the gas-to-water partition coefficient (log Kw): 
dividing the measured mole fraction solubility be the ideal molar volume of the saturated solution.
A numerical value of Vsolute = 127.9 cm 3 mol -1 was used for the molar volume of p-coumaric acid. 
as we need only to describe the experimental solubility data at 298.15 K. The authors did not measure the solubility of p-coumaric acid in water, so we have expanded eq. 10 into a polynomial expression in w2: 
by assuming the summation extended to n=2 and by substituting w3 = 1 -w2. 
(Average Absolute Relative Deviation = 0.0173) which provides a very good mathematical description of the observed ln x1 data as shown in Table   2 . The derived mathematical representation was then used to calculate the mole fraction solubility of p-coumaric acid at the needed volume fraction concentrations of ethanol. The calculated mole fraction solubilities were then converted to molar solubilities using the ideal molar volume approximation as discussed above. We have compiled in Table 3 our calculated molar solubilities of p-coumaric in the nine neat organic solvents and in the 10 binary aqueous-ethanol solvent mixtures for which we have Abraham model solvent equation coefficients. Also, included in Table   2 is the numerical value of the logarithm of the water-to-octanol, which represents the average of three experimental log P values in Bioloom (log P = 1.47, log P = 1.79, and log P = 2. 20) 14 .
There are six solute descriptors, a log CS,water and a log CS,gas to be calculated from the experimental log CS,organic and log P values tabulated in and chloroalkane solvents as dimerization is a major concern. In nonpolar solvents the measured solubility will include the solubility of both the monomeric and dimeric forms of the carboxylic acid. This is discussed in greater detail in an earlier publication where we illustrated the calculation of solute descriptors for the cinnamic acid dimer 20 .
In Table 4 predictions to slightly lower or slightly higher temperatures using the predicted enthalpies of solvation for p-coumaric acid dissolved in the respective solvent. We have developed enthalpy of solvation equations 21, 22 for several of the organic solvents listed in Table 1 . Solubility predictions at other temperatures would require knowledge of log CS,water and log CS,gas at the new temperature.
Log (P or CS,organic/CS,water) and log (K or CS,organic/CS,gas) at other temperatures are described in greater detail elsewhere. 21 As noted above many of the other solution models currently being used to mathematically describe experimental solubility are very good at predicting how the solubility in a given solvent varies with temperature. The models do not enable one, however, to predict solubilities in additional organic solvents. We hope that our simple illustration will encourage other researchers to consider using the Abraham model when reporting the experimental results of their solubility studies. 
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